Abstract Lactococcus lactis is subjected to several stressful conditions during industrial fermentation including oxidation, heating and cooling, acid, high osmolarity/ dehydration and starvation. DNA lesion is a major cause of genetic instability in L. lactis that usually occurs at a low frequency, but it is greatly enhanced by environmental stresses. DNA damages produced by these environmental stresses are thought to induce DNA double-strand breaks, leading to illegitimate recombination. Nucleotide excision repair (NER) protein UvrA suppresses multiple stressesinduced illegitimate recombination. UvrA protein can survive a coincident condition of environmental harsh conditions, multiple stress factors supposedly encountered in the host and inducing UvrA in L. lactis. In this study the expression of UvrA and growth performance and viability of control strain L. lactisVector and recombinant strain L. lactisUvrA under multiple stress conditions were determined. The recombinants strain had 30.70 and 52.67% higher growth performances when subjected to acidic and osmotic stresses conditions. In addition, the L. lactisUvrA strain showed 1.85-, 1.65-, and 2.40-fold higher biomass, lactate production, and lactate productivity, compared with the corresponding values for L. lactisVector strain during the osmotic stress. Results demonstrated NER system is involved in adaptation to various stress conditions and suggested that cells with a compromised UvrA as DNA repair system have an enhanced protection behavior in L. lactis NZ9000 against DNA damage.
Introduction
Lactic acid bacteria (LAB) are indigenous habitants of the human gastrointestinal tract (GIT) and have a long history of use in foods and fermented products as starter cultures. LAB are believed to modulate repair, regular and enhance host stress response. The mechanisms of barriers promoting effects of lactic acid bacteria have proven to their physiological and biochemical properties. To perform their effect, it is essential for the bacteria to have protection systems to withstand against stress and maintain and improve growth performance (de Almeida et al. 2015) . Interactions between lactic acid and probiotic bacteria during manufacturing process of probiotic dairy product are essential to establish Electronic supplementary material The online version of this article (doi:10.1007/s13197-017-2493-z) contains supplementary material, which is available to authorized users. adequate combinations of strains. It is well established that probiotics confer a number of beneficial health effects on humans and animals. LAB must be able to survive the harsh conditions of the stomach and resist the bile acids at the beginning of small intestine (Rubio et al. 2014) . L. lactis is one of most important LAB which is widely used as a starter culture in fermented dairy products. L. lactis is well known for its diverse host-beneficial properties. L. lactis is involved in the enzymatic degradation of casein, in acidification of the milk through the formation of lactic acid from lactose, and in conferring flavor and texture characteristics to end product (del Rio et al. 2015) . Bio-processing strategies reinforce the need for having strong L. lactis. L. lactis should survive the steps of fermentation process, resist against environmental severe conditions and express specific functions against various stresses such as, low pH, high ethanol concentration, temperature, etc. (Garcia-Ruiz et al. 2014) . The growth performance and viability of L. lactis against environmental stress conditions require several mechanisms like generation of a proton motive force (Salema et al. 1996) , activation of membrane-bound H ? -ATPase (Carrete et al. 2002) , modification of membrane fluidity (Da Silveira et al. 2003) , and stress protein synthesis. In stress response mechanisms, certain aspects of cell physiology such as induction of efficient changes in the gene expression strategies by intracellular signaling networks are modified. Stress responses imply several genetic switches that control metabolic changes (Desroche et al. 2005) . Thus, the ability to quantify transcriptional levels of specific genes could be useful to characterize the physiological state and stress response of bacteria. The functional conservation of several stress proteins (Csp), some of their regulators (HrcA) render the potentials of LAB for use in bioprocessing (van de Guchte et al. 2002) .
Environmental stresses that lead to a transformation from the active growth of bacterial cells to the stationary phase requires the risk of accumulating mutations in the DNA of bacteria. Any conditions that bacteria encounter lead to DNA damage, and LAB are same in this consideration. Infamous for their stress effects are acid and oxidative stress which increase the formation of a basic site in DNA, and some bacteria have been shown to induce gene for DNA repair and recombination is available on the inducible repair of DNA damage, especially in LAB. DNA repair proteins are part of the systems that detect DNA lesions, protection, approval and repair. These proteins are believed to prevent macromolecular damage caused by extreme environmental stress. UvrA, a recombination mediator protein, was reported to be important in recombination, replication repair and DNA lesions by helping the complex of DNA repair protein Uvr (B, C and D; Hori et al. 2007; Houten 2013; Sidorenko et al. 2015) . UvrA has a positive effect on resistance to oxidative and thermal stresses in LAB. UvrA has a regulatory function in DNA repair protein which works as a key SOS regulator (Regulatory principle of the gene response induced by DNA damage) that is an inducible pathway governing DNA repair in bacteria against environmental stress condition. It seems UvrA has rapid response to DNA damage and directly improve stress tolerances mechanism (Hamilton et al. 2013) . The aim of the present study was to investigate the environmental stress response properties of L. lactis NZ9000 by expression of UvrA during multiple stress conditions (acid, heat, cold, oxidative, ethanol, and osmotic stress), and to evaluate how DNA repair strategies can be used to increase the robustness of LAB against environmental stresses. Different growth parameters were evaluated under multiple stress conditions. The fermentation efficiencies and activities of the key enzymes involved in fermentation process were also determined.
Materials and methods
Bacterial strain, plasmid and growth conditions Lactococcus lactis ssp. cremoris NZ9000 and plasmid pNZ8148 (Kuipers et al. 1998 ) were used in this study. L. lactis obtained from Professor Jian Chen of the Key Laboratory of Industrial Biotechnology, Jiangnan University, Wuxi, China, L. lactis NZ9000 was grown statically in GM17 (M17 broth supplemented with 0.5% glucose) without aeration at 30°C, unless stated otherwise. To facilitate clonal selection, chloramphenicol (10 lg/mL) and erythromycin (5 lg/mL) was added to the medium.
DNA manipulations, transformation, and plasmid construction
Construction of the expression plasmids is illustrated in Fig. 1 . Plasmid DNA was isolated from E. coli on a small scale using the standard procedures used for DNA manipulation (Sambrook et al. 1989) . Chromosomal DNA was isolated from L. lactis NZ9000 by previously reported methods. L. lactis NZ9000 was electrotransformed according to the method of Holo and Nes (1989) . The uvrA gene was amplified by PCR using primers. 5 0 -GAG catg ATGACTGATTTATTTGCAGATGG-3 0 and 5 0 -GC tctaga TTAAGAAATTATAGCTGCTAATG C-3 0 . The NspI and XbaI sites were simultaneously inserted into the amplified gene. The resulting fragment was digested by NspI and XbaI, and ligated into plasmid pNZ8148 cut with NspI and XbaI. The resulting plasmid contained uvrA and site-directed mutagenesis of the NspI site was performed by a one-step PCR method according to the protocols of MutanBEST kit (TaKaRa, Dalian, China) by using plasmid pNZ8148/UvrA1 as template and primers 5 0 -CATGATGACTGATTTATTTGCAG-3 0 and 5 0 -TGAG TCGCACGTATTCCACTATGTTCG-3 0 (Fig. 1a, b) . The resulting recombinant plasmid pNZ8148/UvrA2 was transformed into L. lactis NZ9000 by electroporation transformation (Holo and Nes 1989) , and the transformant was designated as L. lactisUvrA (recombinant strain). The empty plasmid pNZ8148 was also transformed into L. lactis NZ9000 (wild type), and the transformant was designated as L. lactisVector (control strain).
Expression of UvrA in L. lactis L. lactis cells were induced with nisin (Sigma-Aldrich) as follows to investigate the level of uvrA expression. The L. lactis strains L. lactisUvrA and L. lactisVector were grown in GM17 medium containing chloramphenicol (10 lg/mL) at 30°C. Cultures at an OD 600 of mid-exponential phase were induced by adding nisin (10 ng/mL) and incubating for 10 h. The cells were harvested by centrifugation at 12,0009g for 12 min at 4°C. The cell pellets were washed twice with ice-cold 50 mM Tris-HCl buffer (pH 7.4) and then resuspended in the same buffer. The cells were disrupted with ultrasonic at 4°C for 52 cycles of 8 s (ACX400 sonicator at 20 kHz; Sonic and Materials, Newton, Mass). Cell extracts were obtained by centrifugation at 12,0009g for 15 min at 4°C to remove the cell debris. Protein concentration was determined by the Bradford method using bovine serum albumin as a standard (Bradford 1976) . For protein analysis, the cell extract was mixed with a fivefold concentrated Laemmli buffer, and after being heated at 90°C for 10 min, 5 lL of each sample was subjected to Gel electrophoresis. Determination of the stress tolerance under environmental stresses
The strains were transferred to 50 mL fresh GM17 medium containing chloramphenicol (10 lg/mL) and nisin (10 ng/ mL). To investigate the growth performances of both strains, the cells were exposed to acid (pH 5.0 with lactic acid), salt (3% NaCl), oxygen (0.1 mM/L H 2 O 2 ), ethanol (5%) and heat (40°C) stresses, and results were showed by measuring the OD 600 . To examine the viability of survival rate under multiple stresses, the induced cells were shocked with acid (pH 4.0), salt (15% NaCl) cold (-20°C) and heat (46°C) stresses, and the cell viability was determined with spot plating, where 10 ll of serially diluted samples were spotted in triplicate onto M17 agar plates and incubated at 30°C for 48 h. Plates containing 5-100 CFU were counted, and colony-forming units per milliliter was calculated from the average.
Lactic acid fermentation analysis
To investigate the lactic acid fermentation capability, the induced cells grown to an OD 600 of 2.0 were inoculated with an inoculum size of 2% (v/v) into fresh GM17 medium containing chloramphenicol (10 lg/mL), nisin (10 ng/mL) and 3% NaCl. Fermentation was performed at 30°C for 24 h without pH control. The concentration of glucose and lactic acid were assessed by high-performance liquid chromatography (HPLC) according to the method (Fu et al. 2005) .
Lactate dehydrogenase activity
Cells were harvested after 6, 12 and 18 h of fermentation. Lactate dehydrogenase (LDH) activity assay in cell extracts was carried out using a lactate dehydrogenase assay kit (Nanjing Jiancheng Bioengineering Institute, Nanjing) following the manufacturer's protocol. One unit of LDH activity was defined as the amount of enzyme required to convert the substrate to 1 lmol pyruvate at 30°C for 25 min.
Results
Expression of UvrA in L. lactis NZ9000
UvrA was expressed in L. lactis NZ9000 using the Nisin Controlled gene Expression (NICE) standard. UvrA expression level was examined upon nisin induction (Fig. 1a) and result was showed using Gel electrophoresis analysis. In the presence of 10 ng/mL nisin, L. lactisUvrA overexpressed and genome band with a molecular length, whilst it was absent in the nisin-treated control strain L. lactisVector (Fig. 1b) .
Growth performance of UvrA-overproducing L. lactis during stress
Growth performance of L. lactis was determined during multiple stresses. Both L. lactisUvrA and L. lactisVector were challenged with various stress factors including heat (40°C), lactic acid (pH 5.0), salt (3% NaCl) and oxygen (0.1 mM H 2 O 2 ) stresses ( Fig. 2a-d) . Growth performances of both L. lactisUvrA and L. lactisVector subjected to stress conditions and results compared to various stress conditions ( Fig. 2a-d) . L. lactisUvrA showed 20.19, 30.70, 52.67, 32.76 and 17.41% higher biomass than that of L. lactisVector, when cultured in GM17 medium for 24 h in the presence of heat, acid, salt, oxygen and ethanol stress, respectively. In addition, salt stress significantly increased the growth of both strains ( Fig. 2a-d ) and significant difference was observed in biomass between L. lactisUvrA and L. lactisVector when both strains were shocked with osmotic stress. These results suggested that UvrA expression enhanced the growth performance of L. lactis NZ9000 subjected to different stresses.
Stress tolerance and survival rate of UvrAoverproducing L. lactis subjected to different stresses
The effect of UvrA expression on the stress tolerance and survival rate of L. lactis NZ9000 during multiple stresses was investigated. Stress tolerance of L. lactis were determined by exposing both strains to salt (15% NaCl), lactic acid (pH 4), cold (-20°C) and heat (46°C) stresses. As shown in Fig. 3a -d, after salt, acid, heat stress for 6 h and cold stress for 6 days, L. lactisUvrA cells displayed 4.86-, 5.83-, 1.22-and 3.12-fold higher survival rate compared to that of the L. lactisVector cells. These results suggested that UvrA expression enhanced the stress tolerance of L. lactis NZ9000 during various stresses.
Lactic acid fermentation under normal and osmotic stress conditions
In order to evaluate the effect of gene expression efficacy quantified by PCR on lactic acid fermentation, the fermentation efficiency of L. lactisVector and L. lactisUvrA were compared during NaCl (3%) stress (Fig. 4a, b) . Over expression of UvrA led to improved tolerance of L. lactis to multiple stresses, especially, to NaCl stress. When cultured in the presence of 3% NaCl, the cell growth, glucose utilization, and lactic acid production decreased in both strains, however, this decrease was found to be relatively minor in comparison to the efficiency of L. lactisVector. In addition, it was worth noting that during stress condition with the addition of NaCl there seemed to be significant differences in the fermentation parameters in both strains. During salt stress, L. lactisUvrA exhibited higher biomass (1.85-fold), maximum lactate production (1.65-fold), biomass yield on glucose (2.17-fold), lactate yield of glucose (1.89-fold), and higher productivity (2.40-fold; Table 1 ), compared with the corresponding values for L. lactisVector. These results indicated that overproduction of UvrA improved the fermentation performance of L. lactis NZ9000 during NaCl stress and increased lactate production of L. lactisUvrA can also be explained by the enhanced tolerance of the strain to lactic acid stress.
LDH activity assay under normal and osmotic stress conditions
To investigate whether overexpression of UvrA leads to improved fermentation efficiency, the activity of LDH during NaCl stress was measured ( Table 2 ). As expected, there was no marked difference in LDH activity between strains L. lactisVector and L. lactisUvrA under non-stressed condition. When cultured in the presence of 3% NaCl in the medium for 6, 12 and 18 h, the strain L. lactisUvrA maintained 1.40-, 1.76 and 2.47-fold higher LDH activity, respectively, compared to that of the control strain. Additionally, the LDH activity of L. lactisUvrA significantly increased with increasing fermentation time in the presence of NaCl, while only a slight increase in LDH activity was observed in L. lactisVector cells. Based on these results, nisin-induced UvrA production might maintain the stability of LDH activity during salt stress, which contributes to the production of lactic acid.
Discussion
DNA damage caused by environmental stress is an inevitable consequence of cellular metabolism, with a propensity for increased levels of toxic insult. LAB elicits an environmental stress during fermentation that is known to cause lesions in the host DNA. DNA lesion is a major cause of chromosomal aberration leads to illegitimate recombination which happens along with duplication, deletion, insertion, and translocation. UV light and some other environmental stresses are the major cause of DNA lesions. UvrA is suggested to be the first NER component that detect DNA lesion, but it's mechanism of DNA binding and damage recognition is not yet clear. NER is necessary for all organisms to eliminate DNA lesions (Pakotiprapha et al. 2012) . The fact that UvrA is associated with the bacterial surface is consistent with its action as a primary barrier for exogenous reactive molecules. UvrA(BC) Endonuclease and the binding energy of ATP are linked to dimerization of the UvrA protein by direct physical interaction with the UvrA subunit. UvrA uses ATP hydrolysis to translocate on dsDNA upstream of the transcription bubble forward translocates RNA polymerase, Fig. 3 Survival rates of L. lactisVector (squares) and L. lactisUvrA (circles) under osmotic stress (a), acid stress (b) cold stress (c) and heat stress (d). Cultures were subjected to osmotic stress (15% NaCl), acid stress (pH 4.0), cold stress (-20°C) and Heat stress (46°C) for various times and the survival rate was determined thus initiating dissociation of the RNA polymerase ternary elongation complex. The rate of DNA repair depends on many factors, including the cell type, age of the cell, and extracellular environmental conditions (Deaconescu et al. 2012) . Temperature changes directly affect the growth characteristics of Lactobacillus delbrueckii and lead to DNA damage. It seems that thermal stress can stimulate ATP ase activity and production capacity which are the main factors in determining the maximum growth rate of lactic acid bacteria. The decrease of ATP with increase of temperature resulted in the decrease of specific growth rate. Temperature and pH contribute to cell permeability, enzymes activities and amino acid metabolic pathway (Gautier et al. 2013) . In Escherichia coli the instigation of heat-shock resistance was shown to be dependent on the products of the uvrA gene. Several recA and uvrA derivatives of E. coli K12 AB1157 develop a transient increase in heat resistance, i.e. induced thermotolerance after a brief exposure to heat stress (Kiyosawa et al. 2001; Lage et al. 2000) . In heat resistance, uvrA effect was complemented and induced thermotolerance developed sooner and was maintained at a higher level in the presence of uvrA. Since uvrA-dependent excision repair is scheduled prior to recA-dependent repair, induction of thermotolerance may be linked to DNA repair protein (Kiyosawa et al. 2001) . In this study the growth characteristics and survival rate of L. lactisVector and L. lactisUvrA strains exposure to high temperature were determined. Throughout exposed to high temperature, function of UvrA against heat shock was substantially increased but significant differences between L. lactisVector and L. lactisUvrA were found. However, the UvrA expression level of L. lactis increased slightly as heat stress continued. It seems that UvrA plays an important role in assisting the organism's adaptation to heat stresses, possibly by protecting proteins from denaturation (Christensen et al. 2008) . Our data shown that over expression of UvrA and exposed to heat treatment significantly enhances the growth performance and survival rate of L. lactisUvrA. In vitro, UvrA at low concentrations is shown to be stabilized to heat inactivation by E. coli molecular chaperones DnaK. These chaperone proteins allow sub-nanomolar concentrations of UvrA to load UvrB. Coimmunoprecipitation assays showed that DnaK bound denatured UvrA in the absence of ATP and suggesting that heat shock proteins might indirectly be involved in heat-induced DNA repair by ensuring proper functioning of DNA repair mechanisms in less than optimal conditions (Hanna et al. 2001 ). These observations not only support the idea that heat-inducible DNA repair mechanisms exist in Streptococcus mutans but also suggest that specialized, regulated forms of DNA repair such as those found in the SOS, heat shock, and adaptive responses potentially exist and likely have a significant overlap with the ATR (Svensater et al. 2000) . These results suggest that molecular chaperonins participate in nucleotide excision repair by maintaining UvrA repair proteins in their properly folded state. Cold stress leads slowly to the death of cells that is associated with damage of cell membrane fluidity and DNA lesion. Cold stress also led to cell membrane fatty acid desaturation and protein profile (Song et al. 2014 ). Characteristics of cell viability of L. lactisVector and L. lactisUvrA strains under conditions of low temperature were determined ( Fig. 3a-d ). Under cold shock many cell functions such as DNA transcription, translation, protein folding and metabolic functions are compromised (Jiao et al. 2015) . At low temperature, effect of UvrA protein on cold shock was substantially increased. However, growth performance and viability level of L. lactis increased slightly as cold stress continued in L. lactisUvrA compared with control strain. UvrA has a vital role in assisting the organism's adaptation to cold temperatures by protecting proteins from deactivation. Results of the present study show that overexpression of UvrA prior to freeze treatment significantly enhanced the growth performances and survival rate of L. lactisUvrA. Previous research demonstrated cold and heat stress lead to changes in DNA repair protein levels and gene expression. The increases in growth performance and survival rate of L. lactisUvrA under cold and heat stress are consistent with an important role of uvrA-based signaling and transduction in DNA repair processes (Ogasawara et al. 2005 ). The greater cell viability and integrity observed in L. lactis suggests that this species is capable of mounting a more robust stress response following cold and heat stress. Our results confirmed that the lactic acid bacteria NER system is involved in adaptation to various stress conditions including thermal stresses. Cells with a compromised uvrA as DNA repair system have an enhanced protection behavior.
To adapt and survive these enviornmental stressed, bacteria have global response systems that result in sweeping changes in gene expression and cellular metabolism. Lactic acid bacteria are one of the most important oxygen-sensitive bacteria. Oxygen, in conjunction with the reducing environment, can generate highly toxic byproducts: superoxide, hydrogen peroxide, and hydroxyl radical. These species damage macromolecules like enzymes, leading to growth arrest or mortality in LAB (Watanabe et al. 2012) . DNA damage caused by oxidative stress is known to be mutagenic and probably represents the major natural hazard for the genomic instability of living cells. Czeczot et al. (1991) observed extracellular modification of pBR322 DNA results in the formation of DNA base damages which are repaired by Fpg protein depend on UvrA(BC) endonuclease (Czeczot et al. 1991; Schalow et al. 2011) . Our results indicated that oxidative stress led to increase in growth performance and survival rate of L. lactisUvrA. However, difference between L. lactisUvrA and complemented strains exposed to oxidative stress was significant. This suggested that down-stream processes involving uvrA activity was probably regulated during the oxidative stress response. The frequency of DNA repair was affected by the oxidative stress in NER-proficient bacteria in the presence of UvrA and suggesting a major role of UvrA in NER (Lage et al. 2010) . Therefore, NER functions are important without exogenously induced DNA damage in L. lactis and global genome. NER act to suppress DNA repair in growing cells, whereas uvrA is involved in the maintenance of the genome integrity also in log-phase cells during oxidative stress. Presumably uvrA mainly contribute to the DNA repair enhancement (Ogasawara et al. 2005) . Our result supports the finding that the lack of UvrA or UvrB reduced the stress tolerance of Lactobacillus helveticus induced by the damaged DNA precursors. UvrA and UvrB are involved in the enhancement, but not in the suppression of the mutations induced by oxidative damage (Cappa et al. 2005) . It is generally believed that the low pH of acid fermentation is fully protonated species which can freely cross cell membranes, leading to decrease in intracellular pH and change in fatty acid composition of cell membrane that alter membrane permeability and fluidity (Diakogiannis et al. 2013) . Since DNA repair mechanism is important for survival of lactic acid bacteria against environmental acid stress (Cappa et al. 2005) , as previously indicated in S. mutans (Hanna et al. 2001) and L. lactis, we determined the role of uvrA in cellular stress response to acidic conditions. The level of growth performance and survival rate increased with time, reaching a high level in L. lactis after exposure to an acidic environment. The involvement of UvrA in acid adaptation and protection against DNA damaging conditions was confirmed by studying the cross-protection of acid adaptation against the effect of osmotic stress on cell viability. It was demonstrated that acidic exposure promotes the transcription of uvrA and afterwards, L. lactis cells were exposed to pH 4. This study showed that acid-adapted cells presented a higher survival rate compared to L. lactisVector log-phase cultures as observed in other lactic acid bacteria, such as L. helveticus (Cappa et al. 2005) . The expression of uvrA during growth at low pH and the cross-protection salt stresses indicate that UvrA has a role in the repair of acid-damaged DNA (Cappa et al. 2005; Hanna et al. 2001) . The results of present study suggest that uvrA of L. lactis is a part of the defense system and plays an important role in maintenance of the bacterial genome and survival at low pH.
Our results (Figs. 3, 4) indicated the higher impact of UvrA protein on cells under osmotic stress condition. In addition research on fermentation productivity of strains was taken to confirm the productivity of UvrA to enhance metabolic efficiency of L. lactis NZ9000 under osmotic stress condition. Our data demonstrated significant difference growth performance and survival rate between L. lactisVector and L. lactisUvrA during osmotic stress. Further research on fermentation efficiencies of strains was taken to validate the effectiveness of UvrA to enhance cell's metabolic capabilities under salt stress. With the help of UvrA under osmotic stress, L. lactisUvrA provided from an obvious increase in all parameters measured in this study (Table 1) , whereas the L. lactisVector strain suffered a relatively low level of fermentation efficiency and lactate efficiency (Fig. 4a, b) . Our data demonstrated the activity of UvrA on key enzyme in fermentation efficiency under osmotic stress to indicate the act of UvrA enhanced metabolic activity with all the specifics (Siragusa et al. 2014) . In this study we demonstrated LDH activity in L. lactisVector and L. lactisUvrA during osmotic stress. Our results indicated that osmotic stress led to decreases in LDH activity. However, LDH activity in L. lactisUvrA remained higher than that in L. lactisVector during fermentation (Table 2) . LDH activity was successfully protected and increased by UvrA expression, and lactate productivity was improved by UvrA under osmotic stress. This result suggested that stress response processes involving UvrA activity was being regulated during the osmotic stress. Finally, the presence of UvrA led to higher stability of proteins and higher enzyme activities that contributed to growth, survival and lactic acid fermentation. UvrA is involved in the repair of DNA damage induced by UV irradiation, and UvrA protein alone can suppress illegitimate recombination by DNA binding activity and to enable robust NER by UvrA(BC).
Conclusion
The recombinant strain had higher growth performances and survival rate than the control strain when subjected to acid, cold and osmotic stresses conditions. L. lactisUvrA strain exposed to osmotic stress produced higher amount of lactate as compare to L. lactisVector. As determined by LDH activity, production of UvrA sustained the permanence of LDH during the osmotic stress. It seems UvrA has an enhanced protection behavior during fermentation process and improved the resistance to stresses in LAB and other industrial microorganism. Our data suggesting the understanding of UvrA makes the work of seeking antistress components more successful and the future application of these components more effective in industrial strains.
